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(54) Oxide modified air electrode surface for high temperature electrochemical cells. 

(57) An electrochemical cell is made having a 
porous cermet electrode (16) and a porous 
lanthanum manganite electrode (14), with solid 
oxide electrolyte (15) between them, where the 
lanthanum manganite surface next to the elec- 
trolyte contains a thin discontinuous layer of 
high surface area cerium oxide, and/or 
praseodymium oxide, preferably as discrete 
particles (30) in contact with the air electrode 
and electrolyte. 
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This invention relates to an air electrode having 
discrete, small, high surface area oxide particles on its 
exterior surface which serve as nucleating sites for 
subsequently applied solid electrolyte. 

High temperature solid oxide fuel ceil configu- 
rations are well known, and taught, for example, in 
U.S. Patent Specification no. 4,490,444 (Isenberg). 
There, a porous, calcia stabilized zirconia support 
tube, having a porous air electrode of, for example 
calcium, strontium, magnesium or zirconium oxide 
doped lanthanum manganite was taught, with an 
attached, axially elongated, narrow interconnection 
strip of calcium, strontium, or magnesium oxide doped 
lanthanum chromite. The air electrode was coated 
with a 20 micrometer to 50 micrometer thick, solid, 
' non-porous, yttria stabilized zirconia electrolyte. A 
. porous, nickel-zirconia cermet, exterior fuel elec- 
l trode, about 50 micrometers thick, covered most of 
the electrolyte. In another embodiment, taught in U.S. 
Patent Specification no. 4,547,437 (Isenberg et al.), 
an electrode-protective, porous, continuous interlayer 
of calcium and cobalt doped yttrium chromite was dis- 
posed between the air electrode and the electrolyte. 

In conventionally fabricated tubular fuel cells, 
electrolyte penetration within the air electrode and 
encapsulation of the air electrode surface by the elec- 
trolyte film has been observed near the air electrode- 
electrolyte interface. After electrical testing, the air 
electrode of these cells have been found to show 
structural changes in terms of porosity-formation and 
densification. Such undesirable structural changes 
taking place in the air electrode near the air electrode- 
electrolyte interface are postulated to be due to 
changes in the oxygen stoichiometry of the air elec- 
trode, resulting from the partial encapsulation of the 
air electrode particles at the air electrode-electrolyte 
interface. Partially encapsulated air electrode sur- 
faces formed near the electrolyte-air electrode inter- 
face may also inhibit oxygen reduction reaction due to 
limiting the surface area for electron exchange at the 
interface, and allow oxygen loss from the air electrode 
lattice during cell operation at moderate-to-high cur- 
rent densities. 

One of the main objects of this invention is to 
reduce oxygen loss from air electrode particles in con- 
tact with the electrolyte and increase the active area 
for the electron exchange reactions with oxygen at the 
electrode-electrolyte interface. 

Accordingly, the present invention resides in an 
electrochemical cell comprising a porous, exterior 
cermet electrode and a porous lanthanum manganite 
air electrode, with stabilized zirconia solid oxide elec- 
trolyte therebetween, characterized in that the lanth- 
anum manganite electrode surface next to the 
electrolyte contains a porous, discontinuous layer of 
a material selected from the group consisting of 
cerium oxide, praseodymium oxide and mixtures 
thereof, and where electrolyte contacts both the lanth- 
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anum manganite and the discontinuous oxide layer. 

Preferably, the discontinuous layer of cerium 
oxide is in discrete particle form having diameters 
from approximately 0.01 micrometer to 0.1 mi- 

5 crometer, and has a high surface area of from 
approximately 35 m 2 /gram to 150 m 2 /gram, where 
from 90% to 100% of the particles are in the top 50 
micrometers of the air electrode structure near the 
electrolyte. The preferred electrochemical cell is a 

10 tubular fuel cell. 

The discontinuous layer of, for example, cerium 
oxide, prevents any encapsulation of or substantial 
penetration into the porous air electrode structure by 
the electrolyte, yet provides abundant nucleation sites 

15 for electrolyte formation and superior bonding to the 
air electrode surface. Cells made with this nucleating 
oxide layer have showed superior performance 
including lower voltage losses due to electrode polari- 
zation, and stability of the air electrode-electrolyte 

20 interface with minimal densification of the air elec- 
trode at the interface over long-term cell operation at 
1 ,000°C. 

In order that the invention can be more clearly 
understood, convenient embodiments thereof will 
25 now be described, by way of example, with reference 
to the accompanying drawings in which: 

Figure 1 is an isometric view in section of a pre- 
ferred, tubular, solid oxide fuel cell which can be 
made according to this invention; 
30 Figure 2, which best shows the invention, is an 

idealized cross-section of the air electrode-elec- 
trolyte interface of the fuel cell of Figure 1 , show- 
ing the porous, discontinuous electrolyte 
nucleating layer of this invention, at the beginning 
35 of electrolyte deposition; and 

Figure 3 is a graph of power output versus current 
density of a standard fuel cell and a fuel cell hav- 
ing the discontinuous, electrolyte nucleating layer 
of this invention. 
40 Referring now to Figure 1 of the drawings, air or 

oxygen O, flowing through the open interior 10 of 
electrochemical cell 12, for example, an operating 
high temperature fuel cell, permeates through 
optional porous support tube 13 comprising, for 
45 example, sintered calcia stabilized zirconia, to air 
electrode 14, where the oxygen is converted to 
oxygen ions at the surface of electrolyte 15. The 
oxygen ions are conducted through oxygen ion con- 
ducting electrolyte 15 to fuel electrode 16 where they 
50 react with fuel F, to generate electricity. Also shown 
in the drawing are: longitudinal space 17, containing 
an axially elongated interconnection 18 which 
extends down a narrow axial segment of the tube, for 
making electrical connections from the underlying air 
55 electrode to the fuel electrode of a cell tube (not 
shown) lying next to it, and an electronically insulating 
gap 20. A metal or fuel electrode type of material 19 
can be coated over interconnection 18. A plurality of 
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these cells can be electrically connected together to 
provide a generator. 

The air electrode 14, is typically a tube of porous, 
calcia or strontia doped lanthanum manganite, to 
which zirconia is sometimes added, hereinafter 
defined as "lanthanum manganite", usually formed by 
extrusion or a slurry dip-sinter operation. This layer is 
usually from 500 micrometers to 2,000 micrometers 
thick. Electrolyte 15 must be a solid material through 
which oxygen ions can diffuse or permeate. The elec- 
trolyte material is preferably an oxide having a fluorite 
structure or a mixed oxide in the perovskite family, but 
other simple oxides, mixed oxides, or mixtures of sim- 
ple and mixed oxides can be used. The preferred elec- 
trolyte material is a stabilized zirconia based ceramic, 
a readily available commercial material. A useful 
composition, for example, is (Zr0 2 )o.90(Y20 3 )o.io as 
that material works well in solid oxide fuel cells. The 
electrolyte 15 is applied over a substantial portion of 
the inner, air electrode 14, as shown in Figure 1, next 
to the narrow radial segment interconnection 18, 
which is usually applied first so that the electrolyte can 
overlap it, as shown. 

An outer, porous, cermet fuel electrode 16 is then 
deposited over a substantial portion of the electrolyte 
15, as shown in Figure 1. First, particles of an elec-. 
tronic conductor are applied to the electrolyte surface, 
then a skeleton of yttrium and zirconium oxide is usu- 
ally grown around the particles by a modified 
electrochemical vapor deposition process. The pre- 
ferred particles are nickel, cobalt, and alloys and mixt- 
ures thereof, as these metals are stable, sulfur 
resistant, and have an acceptable oxidation potential. 

The electrolyte is applied to the top of the air elec- 
trode by a chemical/electrochemical vapor deposition 
process using two reactant gases. The first reactant 
used to form the electrolyte 15 is a source of oxygen 
such as water vapor, carbon dioxide, or oxygen itself, 
which is fed from the inside of the tube, through the 
optional support 1 3 and the inner, porous air electrode 
14. The second reactants used to form the electrolyte 
are metal halides, which are fed to the outside of the 
air electrode 14. Chlorides are preferred as they are 
inexpensive and have acceptable vapor pressures. 
The reaction of the first and second reactants pro- 
duces a metal oxide electrolyte material. Where the 
electrolyte .14 is stabilized zirconia, it will be neces- 
sary to use a mixture of a zirconium halide and a 
halide of the stabilizing element as the second reac- 
tant. 

Referring now to Figure 2, an idealized cross-sec- 
tion portion of the air electrode structure 14 is shown, 
with solid oxide electrolyte 15 just beginning to nuc- 
leate and grow over the air electrode top surface. 
Lanthanum manganite, usually in the form of sintered 
particles 24, about 12 micrometer to 15 micrometers 
in diameter,- form an air electrode surface containing 
interconnecting pores or voids, such as 26 and 28. 
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The term "particle diameter 1 ' as used herein will mean 
the length measurement of the particles, since the 
particles are rarely perfectly round. After complete 
deposition, the electrolyte layer 15 will be much 

5 thicker than shown, and will be non-porous. The air 
electrode surface next to the electrolyte contains a 
porous, thin, discontinuous layer of at least one of 
cerium oxide or praseodymium oxide, preferably as 
discrete, high surface area particles 30, which provide 

10 nucleating sites for subsequent electrolyte deposi- 
tion. Exterior cermet fuel electrode (not shown) is 
applied after electrolyte formation. 

These particles 30 have diameters of from 
approximately 0.01 micrometer to 0.1 micrometer, 

15 and so, are substantially smaller than the sintered 
lanthanum manganite particles 24. These particles 
are chemically stable in oxygen at 1,Q00°C, do not 
react with the air electrode material at 1,000°C, and 
are oxygen ion as well as electron conducting. These 

20 particles have high surface areas of from approxim- 
ately 35 m 2 /gram to 150 m 2 /gram, most preferably 
from 50 m 2 /gram to 100 m 2 /gram, providing a vast 
number of sites for nucleation and growth of electro- 
lyte by contact of halide vapors with oxygen contain- 

25 ing vapors by chemical vapor deposition, as 
described previously. Since these particles 30 are 
both electronic and ion-conducting, they also contri- 
bute to further electrolyte deposition by electrochem- 
ical vapor deposition as the non-porous electrolyte 

30 film continues to grow thicker with time. Preferably, 
the particles 30 are cerium oxide particles. Particles 
above or below the stated particle size range and sur- 
face area range will not provide as advantageous a 
number of nucleating sites and can allow particle 

35 plugging of the air electrode pores or excessive elec- 
trolyte impregnation into the air electrode. 

As can be seen from Figure 2, some cerium oxide 
or praseodymium oxide particles, such as particles 
31, may be deposited within interior pores 26 or 28 of 

40 the air electrode structure, but preferably, from 90% 
to 100% of the particles will be in the top 50 microme- 
ters of the air electrode structure, most preferably in 
the top 20 micrometers of the air electrode structure, 
near the electrolyte 1 5. The closer to the top of the air 

45 electrode the nucleating particles 30 are placed, the 
better chance the air electrode pores will remain inter- 
connecting and free to easily pass oxygen containing 
gas from the interior of the air electrode to the elec- 
trolyte 15. 

so As can also be seen from Figure 2, the electrolyte 

15, while contacting both the lanthanum manganite 
particle 24 and the discontinuous layer of nucleating 
particles 30, does not encapsulate or substantially 
penetrate or enclose the air electrode structure. Thus, 

55 pores 26 and 28, for example, remain open. If electro- 
lyte permeated too deeply into pores 26 and 28, air 
electrode particle 25, for example, would be surroun- 
ded and rendered useless as an interface site where 
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oxygen containing gas contacts oxygen ion conduct- 
ing electrolyte. The electrolyte 15, while not penetrat- 
ing deeply into the air electrode structure 14, still is 
firmly bonded to the air electrode. 

The discontinuous layer of particles 30 can be 
applied by any means, preferably by simple dusting 
with oxide powder, or a slurry dip-sinter operation. A 
variety of modified impregnation techniques may also 
be used so long as the oxide is formed primarily at the 
interface between the air electrode structure 14 and 
the electrolyte 15. 

The invention will now be illustrated by the follow- 
ing non-limiting Example. 
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a porous, discontinuous layer of a material selec- 
ted from the group consisting of cerium oxide, 
praseodymium oxide and mixtures thereof, and 
where the electrolyte contacts both the lanth- 
anum manganite and the discontinuous oxide 
layer. 

The cell of claim 1, characterized in that the cer- 
met electrode is nickel-zircon ia, the electrolyte is 
a zirconia based ceramic, and the lanthanum 
manganite is in the form of sintered particles hav- 
ing particle diameters from 1 micrometer to 15 
micrometers. 



EXAMPLE 15 

Self-supported, tubular fuel cells using 
La. 8 Ca^Mn0 3 air electrode material, yttria stabilized 
zirconia electrolyte, nickel-zircon ia cermet fuel elec- 
trode and magnesia doped lanthanum chromite inter- 20 
connect were made, using well-known fabricating 
techniques. On one cell, cell A, a porous, discontinu- 
ous layer of Ce0 2 particles, prepared by hydroxide 
precipitation, having diameters of approximately 0.05 
micrometer to 0.1 micrometer, and surface areas of 25 
approximately 65 m 2 /gram, were deposited on the air 
electrode surface, to act as an electrolyte nucleating 
layer. The Ce0 2 particles were deposited by rubbing 
them onto the air electrode surface, and all the parti- 
cles remained substantially on top of the air electrode 30 
surface. The electrolyte and fuel electrode were sub- 
sequently applied to the cells by standard chemical- 
electrochemical vapor deposition techniques 
described previously. 

Fabricated cells, one with the electrolyte nucleat- 35 
ing layer, cell A, and the other without that layer, cell 
B, were then electrically tested at 1 ,000°C in an 89% 
H 2 -1 1% H 2 0 fuel gas mixture with air as oxidant. Elec- 
trical characteristics were obtained and are shown in 
Figure 3, as plots of power output in mW/cm 2 vs cur- 40 
rent density in mA/cm 2 . From the data it is clear that 
cell A, represented by curve A, containing CeO z nuc- 
leating particles, produced higher power, and also 
showed higher performance at higher current den- 
sities than cell B, represented by curve B, not contain- 45 
ing Ce0 2 particles. Cross-sectional micrographs of 
cell A, showed dense electrolyte tightly connected to 
the air electrode. 
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The cell of claim 1, characterized in that it is in a 
tubular fuel cell configuration. 

The cell of claim 1, characterized in that the air 
electrode is from 500 micrometers to 2,000 micro- 
meters thick, the discontinuous layer of material 
is in the form of discrete particles having diame- 
ters from 0.01 micrometer to 0. 1 micrometer, and 
where 90% to 100% of the particles are in the top 
50 micrometers of the air electrode structure next 
to the electrolyte. 

The cell of claim 1 , characterized in that the dis- 
continuous layer of material is in the form of dis- 
crete particles having a surface area of from 
approximately 35 m 2 /gram to 150 m 2 /gram. 

The cell of claim 1, characterized in that the dis- 
continuous layer of material consists of cerium 
oxide particles, said particles being effective to 
provide nucleating sites for electrolyte formation. 

A plurality of the cells of claim 1 , characterized in 
that they are electrically connected together. 
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1. An electrochemical cell comprising a porous 
exterior cermet electrode and a porous lanth- 
anum manganite air electrode, with stabilized zir- 
conia solid oxide electrolyte therebetween, 
characterized in that the lanthanum manganite 
electrode surface next to the electrolyte contains 
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@ Oxide modified air electrode surface for high temperature electrochemical cells. 

(57) An electrochemical ceil is made having a . =1 

porous cermet electrode (16) and a porous 
-lanthanum manganite electrode (14), with solid 
oxide electrolyte (15) between them, where the 
lanthanum manganite surface next to the elec- 
trolyte contains a thin discontinuous layer of 
high surface area cerium oxide, and/or 
praseodymium oxide, preferably as discrete 
particles (30) in contact with the air electrode 
and electrolyte. 
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